Male Sprague-Dawley rats were inoculated intravenously with Salmonella choleraesuis or Salmonella typhimurium and used over 3 consecutive days to produce highly enriched (>95% homogenous) preparations of Kupffer and mononuclear cells (KC), liver endothelial cells (LEC), and hepatocytes. The methods involved collagenase perfusion of the liver in situ, differential centrifugation of liver cells over a Percoll gradient, and selective attachment of the cells to plastic or to culture dishes coated with collagen. The different cell preparations were then assayed for the number and location, intracellular or extracellular, of associated viable bacteria. Most of the viable bacteria recovered were associated with KC and were mainly intracellular. The intracellular bacteria in KC from rats infected with either bacterial strain increased about 20-to 50-fold over 2 days. Some of the bacteria associated with LEC and in some experiments with hepatocytes also survived treatment with gentamicin and increased in number with time. Intracellular bacteria were readily visualized in KC by light microscopy and transmission electron microscopy. On rare occasions, bacteria were seen within LEC from rats infected with S. choleraesuis but not from those infected with S. typhimurium. Microcolonies of S. typhimurium but not of S. choleraesuis were occasionally found on the surface of some LEC. Bacteria were not seen within or on the surface of hepatocytes by transmission or scanning electron microscopy. The integration of microscopic and viability data suggested that most intracellular S. choleraesuis organisms in KC had been killed whereas most intracellular S. typhimurium organisms were viable.
The diseases caused by Salmonella species such as typhoid fever and severe enteritis complicated by septicemia remain a global public health problem. Systemic infections begin with the penetration of the intestinal epithelium by salmonellae and their subsequent dissemination throughout the reticuloendothelial system, where they multiply, especially in the liver and spleen. Research over decades has generated and tested a variety of typhoid vaccines (25, 51) . Some of these vaccines are widely used, but the incidence of Salmonella infections remains very high. However, the surface components of Salmonella species (e.g., lipopolysaccharides and outer membrane proteins) are strongly antigenic and elicit good humoral as well as cellular responses in humans and experimental animals (5, 20, 22, 23, 24, 39, 44) . One puzzling aspect of salmonellosis is the lack of a good correlation between the immunological response and protective immunity (7, 13, 32) . These facts underline a deficit in our understanding of the pathogenesis of systemic Salmonella infections.
The earliest studies have identified Salmonella species as facultative intracellular pathogens, able not only to survive but also to multiply within the phagocytic cells of their hosts (7, 30) . Bacteria which were apparently intact have been demonstrated in the macrophages of infected animals (45) (46) (47) , and experiments in cultured macrophages showed that the bacteria can survive or multiply within these cells (6, 16, 50) . Bacterial multiplication in the reticuloendothelial system during infection has been generally presumed to occur, at least partly, within macrophages, but this has never been directly demonstrated. The ability of Salmonella species to multiply or even survive within phagocytic cells, and hence their status as intracellular parasites, has been questioned on the basis of evidence obtained from electron microscopic observations of the livers of mice infected with a virulent strain of Salmonella typhimurium, SR-11; this has been interpreted to mean that this strain did not multiply intracellularly and was rapidly killed once engulfed by macrophages (19, 27, 28) .
Most previous studies on the multiplication of salmonellae in the livers of infected animals have been based on the determination of bacterial counts in the entire organ and, in some cases, on the examination of tissue slices by electron microscopy. We have taken a different approach in investigating early events in the livers of rats after infection with either of two Salmonella species known to differ in their 0 antigens as well as in other properties associated with virulence (26, 32, 40) . Rats were inoculated intravenously with enough virulent bacteria to initiate a progressive but not rapidly lethal infection. At intervals, selected animals were anesthetized and their livers were perfused with collagenasecontaining medium to allow separation of the different cells. The different cell types, hepatocytes (HEP), Kupffer cells (KC), and liver endothelial cells (LEC), were studied to determine the numbers and localization of associated bacteria.
MATERIALS AND METHODS
Bacteria, their cultivation and animal inoculation. The virulent wild-type Salmonella strains used were S. choleraesuis subsp. kunzendorff strain SL2824 (34) and S. typhi-murium SL3201 (37) . They were grown overnight in L broth, kept overnight at 4°C while viable counts were determined by plating, and then used for the inoculation of male Sprague-Dawley rats (ALAB Laboratorietjanst, Sollentuna, Sweden). The rats were anesthetized with ether and inoculated with appropriate doses of bacteria in 0.4 ml of saline via the lateral marginal vein. For each experiment, three rats were injected with one of the above strains and were sacrificed on 3 successive days. A total of 12 rats were used for each bacterial strain.
Perfusion and separation of HEP, KC, and LEC. The method described by Seglen (41) was used for the isolation of HEP. Perfusion was done in situ via the portal vein with Ca2+-and Mg2"-free Hanks balanced salt solution (HBSS) at 37°C and a flow rate of 40 ml/min. During the first 10 min of perfusion, normal HBSS was used and the perfusate was allowed to waste. Subsequently, HBSS containing 0.05% collagenase and 50 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) was substituted and the perfusion continued with recirculation of the medium for ca. 25 min and continuous pH adjustment to ca. 7.5 with 1 M NaOH. The cell suspension generated was filtered through a nylon gauze (mesh width, 50 ,um), and the filtrate was centrifuged for 5 min (50 x g) to pellet HEP. The pellet was subjected to two washes (50 x g, 5 min) to remove dead cells and debris, resulting in a final suspension consisting of at least 95% HEP. The HEP were found to be 80 to 90% viable as estimated by trypan blue (4 mg/ml) exclusion and were generally used immediately for the determination of bacterial counts or were fixed for electron microscopy.
The supernatant obtained after the first centrifugation of the slurry generated by perfusion of the liver with HBSScollagenase was used for the preparation of KC and LEC by centrifugation over a two-step Percoll gradient, as described previously (43) . A stock of isotonic Percoll solution was first prepared by mixing 90 ml of Percoll with 10 ml of a 10-fold-concentrated phosphate-buffered saline (PBS) stock. Next, the gradient was prepared in 50-ml centrifuge tubes, with the bottom layer (15 ml; density, 1.066 g/ml) made up of 7.5 ml of PBS and 7.5 ml of isotonic Percoll solution and the top layer (20 ml; density, 1.037 g/ml) composed of 15 ml of PBS and 5 ml of isotonic Percoll solution. The HEP-depleted supernatant was subjected to a second centrifugation (800 x g, 4°C, 10 min), and the pellet was resuspended in 40 ml of fresh HBSS. Ten milliliters of the suspension was applied to each gradient and centrifuged (400 x g, 4°C, 20 min). A band at the boundary of the Percoll layers was carefully aspirated from each tube (5 ml). This is an enriched fraction containing mainly LEC and some KC, but it is practically free of debris, HEP, and erythrocytes. The majority of KC, distributed throughout the lower Percoll cushion, were harvested by dilution (threefold) in PBS and subsequent centrifugation (800 x g, 4'C, 10 min). The pellet was resuspended in culture medium, RPMI 1640, with or without gentamicin (100 ,ug/ ml).
In The preparation of cells for SEM was basically the same as that described for TEM with a few minor differences. After fixation, the sinusoidal cells were not scraped off the cover glass but were rinsed in distilled water and then subjected to dehydration as described above. HEP were attached to a 0.1-,um-pore-size nylon membrane (Sartorius, Gottingen, Germany) pretreated with poly-L-lysine (0.5 mg/ml) before being dehydrated. After dehydration, the cells were immersed in tetramethylsilane and air dried as described previously (10) . The dried specimens were sprayed with goldpalladium (Polaron; Wortford, England) to give a 10-nm coating and then examined in a Philips 501 SEM at 15 kV.
Identification of LEC and KC by ovalbumin accumulation and rosetting of erythrocytes. LEC were identified in culture by the selective uptake of fluoresceinamine-conjugated ovalbumin prepared as described previously (2 Days were distinguished from LEC on the basis of their ability to form rosettes with sheep erythrocytes fixed with glutaraldehyde as previously described (38) . Preparations of KC were incubated with the modified sheep erythrocytes for 30 min at 37°C, washed with HBSS, and then examined microscopically to determine their purity. This method does not allow a distinction of KC from mononuclear cells. Peroxidase staining. KC were distinguished from other mononuclear cells by staining for endogenous peroxidase. Cultures were fixed for 5 min in glutaraldehyde as described above for electron microscopy, stained with 1% diaminobenzidine tetrahydrochloride (Fluka, Buchs, Switzerland)-0.02% hydrogen peroxide in 0.1 M Tris, pH 7.6, for 30 min at room temperature (22°C) (53) , and examined by light microscopy. KC characteristically show diffuse brown staining of the cytoplasm and a dark perinuclear rim from peroxidase activity, whereas mononuclear cells show granular staining (3).
RESULTS
Cell preparations. The methods we used for separation are well established and reproducible and give high yields of homogenous preparations of the different liver cell types (43) . Nevertheless, we rigorously monitored every preparation for purity by microscopy as well as by specific tests for the different cell types. The tests showed that the cell separation procedure functioned well in uninfected as well as infected animals and that essentially pure preparations of each kind of cell were obtained. Preparations of KC were 85 to 92% homogenous and contained monocytes (3 to 10%) as well as other leukocytes and LEC (5%). The LEC preparations were at least 95% pure, as determined by the ability of the cells to accumulate fluoresceinamine-labeled ovalbumin. The contaminants were mainly KC and monocytes (1 to 5%) as determined by the ability of these cells to form rosettes with sheep erythrocytes. The yields of KC (1 x 107 to 1.4 x 107) and LEC (1.8 x 107 to 2.2 x 107) from infected rats were within the range of values expected from normal animals (22) . The HEP preparations were also essentially pure (>95%). The contaminants included KC, LEC, and fatstoring cells, which were readily identified by their autofluorescence (from vitamin A). The presence of these cells in HEP preparations is not indicative of incomplete separation of liver cells but is more likely a consequence of trapping by the reaggregation of HEP, as has been previously demonstrated (52) .
Bacterial distribution and multiplication in liver cells. Although the mouse is the most widely used model for experimental salmonellosis, we chose rats for this study because their larger size more readily accommodated our need for regular, successful perfusion and cell separation. The applicability of rats for experimental studies of Salmonella infection has also been shown (12, 17, 18) . Our first infection experiments were used for determining the appropriate dose of each strain sufficient to initiate progressive infection in most or all of the rats inoculated, but not enough to lead rapidly to death. A dose of 5 x 106 CFU injected intravenously (i.v.) was found insufficient to initiate progressive infection. Very few bacteria were recovered from liver cells on days 1 to 3, and animals not used for cell separation remained healthy. A higher dose of 2 x 107 CFU was tried, but the recovery of bacteria from rats was quite irregular and two rats not sacrificed for cell separation survived until day 14 . Next, we tested a dose of 5 x 107 CFU, and this resulted in a progressive infection by S. choleraesuis SL2824 or S. typhimunum SL3201. The bacterial counts recovered from the different types of liver cells were not only high enough for accurate quantitation on day 1 but they also increased subsequently. Five rats inoculated with 5 x 107 CFU of S. choleraesuis died 4 or 5 days later, and of six rats given the same dose of S. typhimuiium, three died on day 5 or 6 and three survived. These data are, in general, consistent with previous studies. Edwards et al. (12) recently reported that the 50% lethal dose for Sprague-Dawley rats of a strain of S. typhimurium is 109 CFU. In another study, 106 CFU of S. typhimunum injected i.v. did not cause illness in LEW rats, whereas 108 CFU led to progressive infection and rapid death (18) . It is evident from our data that there was only a small difference (10-fold or less) between the doses of our Salmonella strains that were quickly eliminated and doses that caused death. We, therefore, investigated the kinetics of bacterial growth in the liver and spleen in order to better visualize the infection process. The bacteria localized and multiplied progressively in the liver and spleen, as is normally observed in experimental models of salmonellosis. The viability curves obtained with either S. choleraesuis or S. typhimurium were virtually identical (Fig. 1) . About 1.5 to 4% of the initial inoculum of either species was recovered from the liver and spleen on day 1. The counts decreased another three-to sevenfold on day 2 but subseq7uently increased exponentially to about 3 x 107 to 7 x 10 CFU (about equal to the initial inoculum) on day 4. The results of six experiments on the recovery of bacteria from the livers of rats infected with S. choleraesuis or S. typhimurium (three experiments with each strain) are shown in Table 1 . On day 1 after the i.v. administration of S. choleraesuis, the total bacterial count associated with KC (1.7 x 104) was seven-to ninefold more than that associated with LEC (2.5 x 103) or HEP (2.0 x 103). Many of the bacteria in KC (40%), LEC (48%), and HEP (18%) survived treatment with gentamicin. The fact that living mammalian cells are poorly permeable to gentamicin and consequently that bacteria which survive gentamicin treatment under the conditions we used are intracellular in living cells is well established. We hereinafter refer to bacteria recovered after the treatment of cell preparations with gentamicin as intracellular, although they may not necessarily be located within the predominant cell type in a specified preparation. On days 2 and 3, the intracellular bacteria in KC preparations successively increased 11-and 5-fold, respectively, while those in LEC preparations increased 3-and 2-fold, respectively. The intracellular bacteria in the HEP preparations increased ca. 86-fold on day 2 and only ca. 2-fold on day 3. On each day of infection, the intracellular bacteria in KC preparations were 3 to 21 times greater in number than those in the LEC or HEP preparations. Also, an over-50-fold increase in the number of intracellular bacteria in KC preparations occurred between day 1 and day 3. Since our KC preparations were practically devoid of other liver cell types and contained only a maximum of 5% of other leukocytes, our data would support a conclusion that most of the intracellular bacteria in KC preparations were actually within KC.
The results of the experiments with S. typhimurium were similar to those obtained with S. choleraesuis. However, there was a decrease (LEC) or only a minimal increase (less than threefold in KC or HEP) in bacterial counts between day 1 and day 2 after infection with S. typhimurium. The bacterial counts increased significantly on day 3 in KC (by 13 to 20 times) and LEC (9 times), while a somewhat lesser increase occurred in HEP (4 times). As observed in experiments with S. choleraesuis, the treatment of cells with gentamicin had little or no effect on the bacterial counts associated with all three cell types. Thus, S. typhimurium was mainly intracellular, at least in KC. On days 1 and 2, intracellular bacteria were at least as high in number in KC as they were in LEC or HEP preparations, but on day 3, KC contained 6 to 67 times more intracellular bacteria than LEC or HEP. The number of intracellular bacteria in KC increased 20-fold between days 1 and 3.
Light microscopic observations. Aliquots of cell preparations were stained by the Giemsa method and examined by light microscopy. In rats infected with S. choleraesuis, only about 5% of the KC contained bacteria (generally one or two bacteria per cell) on day 1 (data not shown). The percentage of infected cells increased to ca. 10% on day 2, and each cell contained from one to several bacteria (data not shown). By day 3, however, most KC (50 to 85%; average, 63%) were infected and contained up to 50 bacteria per cell ( Fig. 2A) . Many KC were literally full of bacteria, and some of the bacterial clusters were in obvious vacuoles (Fig. 2B) . Few or no bacteria were seen at the edges of the cells, an indication that few bacteria were on the cell surface. In most cases, the intracellular bacteria were in large clusters. A scopically were no longer viable, although they were morphologically intact. KC from infected rats contained a large number of empty vacuoles, and some of them were enlarged.
These features were not seen in KC from uninfected rats or in LEC from infected as well uninfected rats and might be indicative of degenerative processes.
The LEC were not as extensively infected as the KC, which agrees with bacterial viability recovery data (Fig. 3) .
It seems that many of the bacteria recovered from the LEC fraction were contributed by contamination from infected KC (Fig. 3A) . However, on rare occasions (about 1 in 1,000 cells observed), a bona fide LEC was seen infected by a few bacterial cells (Fig. 3B) . After Giemsa staining, HEP in suspension were opaque and did not allow visualization of any intracellular bacteria. Bacteria were not seen on the surface of HEP (data not shown).
The features of cells from rats infected with S. typhimunum differed from those of rats infected with S. choleraesuis in several respects. KC infected with S. typhimurium contained far fewer bacteria than were seen in those infected with S. choleraesuis. The bacteria were generally scattered throughout the cell rather than in clusters, but an occasional KC with clusters of intracellular bacteria was seen (Fig. 4A) . Even on day 3 after infection, many KC from rats inoculated with S. typhimurium remained uninfected (Fig. 4B) . The number of viable bacteria recovered from KC on all days would seem to match the degree of infection observed microscopically. This indicates that many or all of the intracellular bacteria were viable. As was the case with S. choleraesuis, many of the CFU recovered from the LEC fraction seemed to be due to contamination by infected KC (data not shown). Bacteria were also not seen on the surface of HEP. SEM and TEM. When examined by SEM, KC from infected animals ( Fig. 5A and B) had the appearance of typical macrophages. They showed surface folds and fingerlike processes at the central part of the cell and flattened tonguelike processes at the periphery. An extensive search through many preparations did not reveal bacteria on the surfaces of these cells. This would support evidence from light microscopy and from a determination of viable counts which showed that many or all of the bacteria associated with KC were intracellular. The cells in the LEC fraction also had the expected morphology (Fig. 5C ) and lacked the extensive folds and processes associated with KC. Bacteria were not seen on the surfaces of most of these cells. Despite an extensive and careful search, no bacteria were seen on the surfaces of LEC from rats infected with S. choleraesuis, whereas some of the LEC (about 2 in 1,000) from rats infected with S. typhimunum had microcolonies of bacteria on their surfaces (Fig. 5D) . HEP isolated from uninfected animals were found by SEM to be generally intact (Fig. 6A) , while those from infected animals contained some damaged cells (Fig. 6B) surface of HEP as seen by SEM shows that bacteria did not multiply attached to the cell surface.
The different cell fractions from infected animals were also examined by TEM. Nearly all of the bacteria seen in KC from rats infected with S. choleraesuis showed signs of degeneration, as defined by Guo et al. (15) , such as central vacuolation, peripheral condensation, surface compression, and discontinuity of the cell envelope (Fig. 7A, arrowhead) . Some morphologically intact bacteria were also seen in some KC (Fig. 7B) . The results were different with KC from rats infected with S. typhimurium, in which most of the intracellular bacteria seemed undamaged and viable (Fig. 7C) . All intracellular bacteria, S. choleraesuis or S. typhimunum, were present in vacuoles and bounded by membranes. Intracellular membrane-bound bacteria were seen in LEC preparations from animals infected with S. choleraesuis (Fig. 8) but not in those infected with S. typhimurium. The bacteria appeared intact but were sometimes found in the same vacuole with some ill-defined debris, possibly resulting from disintegrated bacteria. Intracellular bacteria were not seen in HEP infected with S. choleraesuis or S. typhimuium, despite a rigorous and careful search through many preparations. Some KC containing bacteria were seen in the HEP preparation, apparently entrapped by reaggregated HEP (data not shown). These most likely have contributed part of the gentamicin-resistant fraction of the bacteria associated with HEP.
DISCUSSION
Our data show that, during the first 3 days after the i.v. infection of rats with Salmonella, viable bacteria can be recovered from preparations of each liver cell type after treatment with gentamicin to kill extracellular bacteria. In all experiments, more bacteria per host cell survived gentamicin treatment in the KC than in the LEC or HEP preparations. Microscopic evidence suggests that most of the intracellular bacteria in the LEC and HEP preparations resulted from contamination with infected KC. That the intracellular bacteria associated with KC preparations were actually within KC was microscopically demonstrated as well as deduced from the fact that KC preparations were not contaminated by other liver cell types and were only minimally contaminated by leukocytes other than mononuclear cells. We did not observe bacteria on the surface of KC, although some of the bacteria associated with KC preparations were susceptible to gentamicin and were apparently extracellular. Such bacteria are few (less than one per KC), however, and might have been hidden in the extensive folds and processes of infected KC. They might also have been within damaged cells or attached to extracellular debris and thus were exposed to gentamicin. The number of intracellular bacteria in KC from rats infected with S. choleraesuis increased more than 50-fold in 2 days, whereas those from rats infected with S. typhimurium showed about a 20-fold increase in the same period. Intracellular S. choleraesuis in KC increased in number within 48 h postinfection, whereas intracellular S. typhimurium increased in number only after 48 h. After the i.v. inoculation of rats with either bacterial species, the total bacterial counts in the liver and spleen declined between days 1 and 2 but began to increase exponentially by day 3. Thus, in rats infected with S. choleraesuis, the total bacterial counts in the liver decreased from day 1 to day 2 while intracellular bacteria in KC increased. These findings may indicate that kinetic data obtained at the organ level may not reflect events at the cellular level.
Light microscopy supported our quantitative observation of progressive increase in the number of viable bacteria associated with KC. The proportion of infected cells as well as the number of intracellular bacteria associated with each infected cell increased progressively. Most of the KC from rats infected with S. choleraesuis were infected by day 3 and contained mainly clusters of apparently intact bacteria. We believe that these clusters in most cases have resulted from the intracellular multiplication of S. choleraesuis rather than from the coalescence of bacteria phagocytosed at different times. Even if the latter were the case, the presence of clusters would indicate that S. choleraesuis SL2824 can remain morphologically intact long after phagocytosis. One other finding in support of our hypothesis that S. choleraesuis had multiplied intracellularly is our observation that, while some KC contained large numbers of intracellular bacteria, others were apparently uninfected. This suggests a fluctuation phenomenon consistent with evidence that macrophages differ in the ability to kill Salmonella species (35, 40) and that salmonellae can replicate in at least some macrophages or spleen cells (1, 4, 9, 11) . It is unlikely to be the result of a lack of contact between some KC and bacteria over a 3-day period of rapidly progressive infection (and inflammation). It seems that most of the intracellular S. choleraesuis organisms seen microscopically were dead, since the average number of viable bacteria per KC was much less than would be expected from microscopic data. This is buttressed by our electron microscopic observation that most intracellular S. choleraesuis organisms showed some evidence of degeneration and conforms with our expectation on the basis of the well-proven ability of phagocytic cells to kill salmonellae (29, 33, 48, 49) .
S. typhimurium differed from S. choleraesuis because it showed a lesser tendency to form intracellular clusters of bacteria and was seen in fewer KC at comparable levels of infection (as determined by viable counts). The fact that the viable counts of S. typhimurium recovered from KC correlated with the microscopic estimates indicated that most intracellular S. typhimurium bacteria were alive. The results of TEM support this deduction because most of the bacteria seen were apparently intact. Taken together, our data suggest that S. typhimurium SL3201 has a lesser capacity than S. choleraesuis SL2824 to multiply intracellularly but a better ability to survive within KC. This was also the main conclusion of two recent studies based on the properties of SL3201 and SL2824 in mice and of their aromatic-dependent mutants in mouse peritoneal macrophages in vitro (32, 33 but some were apparently intact (B). Most intracellular S. typhimurium organisms were intact (C). Magnifications: x 11,500 (A), x26,000 (B), and x9,100 (C).
clusters of intracellular bacteria. We surmise that most of the bacteria associated with LEC were in infected KC and that very few LEC had intracellular Salmonella infections. On rare occasions, S. typhimurium but not S. choleraesuis was found growing as microcolonies on the surface of LEC. It is noteworthy that perfusion studies in mice have shown that LEC as well as KC can trap S. typhimunum (48) and that this is mediated, at least in part, through binding to carbohydrate receptors (31) . The rarity of these findings notwithstanding, they might represent properties of significance for pathogenesis.
Lin et. al. (27) have reported electron microscopic evidence for the invasion and multiplication of salmonellae within HEP in vivo and suggested that HEP might provide a safe haven where salmonellae may multiply inaccessible to infiltrating phagocytes (28) . Although moderate numbers of the bacteria associated with HEP survived gentamicin treatment, we did not visualize salmonellae within HEP by light microscopy, TEM, or SEM. On the contrary, KC containing intracellular bacteria were seen in the HEP preparations. Therefore, while we do not exclude the presence of intracellular bacteria in HEP, the data show that many intracellular bacteria in HEP preparations were actually in KC present as contaminants.
Although infections by Salmonella species have been studied for decades using in vitro and in vivo models, various aspects of pathogenesis remain quite controversial (13, 19) . As recently pointed out in a review, the classification of Salmonella species as facultative intracellular parasites has not been indisputably substantiated by experimental evidence (19) . This is an area in which we envisage that the experimental model we describe might prove quite useful. Many of the studies that have directly examined events in the liver during Salmonella infection have been based either on gross determinations in the entire organ or on electron microscopy examination of thin liver sections. The major drawback of both systems is that they provide a very limited appreciation of events in the entire organ. Gross determinations lack resolution and do not show events in sufficient detail, while direct electron microscopy studies visualize only thin sections of extremely minute areas of tissue and consequently generate data that are not representative of the entire organ. Our method not only avoids these drawbacks but also avoids the problem of guesswork with respect to bacterial viability.
Much evidence indicates uncontrolled extracellular multiplication of salmonellae at the terminal stages of experimental infections (19, 32, 33) . The failure to visualize many intracellular salmonellae in macrophages during experimental infection of mice has been reported (15, 19) . These have been interpreted to mean that Salmonella species do not multiply or survive within phagocytic cells. Our data by contrast show a large increase (20-to 50-fold) in the number of viable intracellular bacteria associated with KC over 2 days of infection. It is noteworthy that large doses of bacteria are often used for studies of the location of bacterial multiplication in vivo in order to obtain results before the onset of the immune response. In some studies, as much as an estimated 200,000 x 50% lethal dose of a virulent strain of S. typhimurium was administered i.v. to highly susceptible mice (28) . This most likely does not reflect the natural course of events. Bacteria (except obligate intracellular parasites) are known to multiply much faster extracellularly than intracellularly (8) , and thus any unphagocytosed fraction of an inoculum would quickly replicate and become dominant. Therefore, uncontrolled extracellular multiplication would be a natural result of systemic challenge with a massive dose of virulent bacteria and is, perhaps, irrelevant to the question of facultative intracellular parasitism.
Naturally acquired systemic Salmonella infections most likely begin with the entry of a few bacteria into the tissues or systemic circulation. We consider it unlikely that the terminal, fulminant stage of any disease, as is often rapidly induced in many experimental systems, would truly depict the decisive events in pathogenesis. Perhaps, the ability to survive and multiply in phagocytic cells is relevant only to the early stages of disease initiated from a small inoculum or to other situations such as the prolonged persistence of bacteria in vivo (36) . Careful studies of events in these settings would seem to be a logical path towards the dissection of host-parasite interactions in the pathogenesis of systemic salmonellosis. The model we describe would seem ideal for such investigations as well as for the role of humoral and cellular factors in protection against Salmonella infection.
